An optimisation procedure based on the genetic algorithm is applied to the design of frequency selective surfaces (FSSs) fabricated by printed circuit technology. The inclusion of the shape of the mask in the set of parameters controlling the optimisation scheme enables the requisite frequency and polarisation performance to be obtained.
Introduction: Genetic algorithms (GAs), are a special class of global optimisation scheme that consistently exhibit robust performance and, therefore, enjoy a wide range of applications in the design of electromagnetic systems. Their robustness is attributable to the fact that they typically converge to a global or a strong local extremum of the objective function. Indeed, GAs simultaneously process a population of points in the optimisation space, and use stochastical operators to make the transition from one generation of points to the next; hence, they are less likely to be trapped in weak local extremes. Another important feature of these algorithms is their ability to optimise objective functions that depend on a large number of parameters and possess several extremum points [1, 2] .
In this Letter we apply a specific GA formulation to the problem of designing frequency selective surfaces (FSSs), in conjunction with an electromagnetic solver based on the method of moments (MoM). The MoM is particularly suited for the analysis of doubly-periodic multilayer screens, comprising printed metallic elements that are sandwiched between different layers of dielectrics. The electromagnetic solver also enables losses in the dielectric substrates and the finite conductivity of the printed patches to be accounted for. A key step in the design procedure entails choosing of the parameters that control the optimisation procedure. For the problem at hand we have included, in the above set of parameters, the shape of the mask of the printed elements that defines the basic periodic element. This not only assures a high degree of freedom in the definition of the above shape, but is also instrumental in realising single-layer FSSs that meet the prescribed frequency specifications. It is worth noting that the latter step also serves to minimise the insertion losses introduced by the FSS. Finally, to the best of our knowledge, the GA has not been previously used in this manner for FSS design.
Formulation: An MoM-based computer code has been employed in this work to perform the electromagnetic simulations of the FSS. The numerical analysis follows the well-established procedure of solving the electric field integral equation (EFIE) for the current distribution on perfectly conducting patches, derived by enforcing Floquet's periodicity condition in an elementary cell [3] . Consider a screen lying in the x -y plane, with cell periodicities d x and d y along the x -and y -directions, respectively. Then, we can cast the EFIE in the form In eqn. 1, E x s and E y s represent the x and y components, respectively, of the electric field scattered by the screen; moreover,
where k x inc , k y inc are the projections of the incident field wave vector k 0 along the x -and ydirections, respectively. ( α n , β m ) is the dyadic spectral Green function that accounts for the presence of the lossy dielectric substrate upon which the patches are printed. Eqn. 1 must be solved for the unknown current distributions J x and J y . Additionally, if we assume that the patch material is a perfect electrical conductor (PEC), the tangential components of the total electric field must vanish on the surface of the patch, i.e. ρ / E s × = -ρ / E inc × , where is the normal to the screen.
The current distribution is expressed in terms of a set of subdomain basis functions, known as 'rooftops', that are particularly suited for handling arbitrarily-shaped patches [3] . Next, a matrix equation is derived by applying the Galerkin procedure and is solved for the current distribution. The FSS response is then computed from the knowledge of this distribution.
The specific GA adopted in this work employs a standard proportionate selection, also called the weighted roulette wheel selection scheme. Moreover, it applies both a simple single-point crossover operator and a mutation operator with probabilities p cross = 80% and p mutation = 0.1%, respectively. The population is formed with 40 chromosomes, comprising a set of genes that represent coded versions of the individual optimisation parameters. In particular, the following control parameters have been chosen: a discretised elementary mask of the printed element in the basic periodic cell; the electrical characteristics and the thickness of the dielectric substrate; and, the dimensions of the FSS element. To achieve a realistic design, the dielectric substrates were selected from among a set of commercially-available 
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products. By subdividing the basic periodic cell into elementary pixels, and representing a pixel by either a 1 or 0 depending on whether it is covered by a printed metal element or not, we can let the GA choose the shape of the mask describing the basic periodicity cell. This can be achieved by defining a suitable objective function consisting of the root mean square difference of the actual and the desired FSS transfer functions, evaluated at five different frequencies inside the operational frequency band of the structure.
Numerical results:
We now present some illustrative numerical results to demonstrate the effectiveness of the proposed numerical procedure. The design specifications call for the dual-band FSS to perform simultaneously in the L and S frequency bands. Specifically, it is desired that the FSS provide a transmission coefficient in the L band (1-2GHz) that is as high as possible. Concurrently, it is to have a high reflection coefficient in the S band (3-4GHz), at an incidence angle of 45 ° . The solution generated by the GA after 400 generations of evolution is exhibited in Fig. 1 a , which shows the shape of the mask describing the basic periodicity cell. The optimum dimensions of the unit cell, also determined by the same algorithm, are found to be d x = 3.837 cm and d y = 3.35cm, respectively. The thickness of the substrate was 25 µ m, and its permittivity ε r = 2.8.
To achieve a more realistic design than the scattershot design in Fig. 1 a , all of the isolated pixels were removed, and some additional editing of the mask was performed. This led to the geometry shown in Fig. 1 b , the frequency characteristics of which were essentially the same as those of the original design in Fig. 1 a . In Fig. 2 , we show the aspect of the FSS screen formed by using the elementary cell in Fig. 1 b . The transmission and reflection transfer functions of the FSS are plotted in Fig. 3 . Finally, it is worth noting that the design shown in Fig. 2 was found to be relatively insensitive to the variations in the incidence angle, which is a very desirable design feature.
Future effort will be directed toward the realisation of a more structured design, derived by imposing symmetry and connectivity conditions on the pixels in the mask.
